Intraoperative Distal Femoral Fine Wire Traction to Facilitate Intramedullary Nailing of the Femur
Michael Githens, MD; Timothy B. Alton, MD; Reza Firoozabadi, MD; Julius A. Bishop, MD F emur fractures are increasingly common long bone injuries, with the peak incidence occurring in young adult males and a secondary peak in the geriatric population. 1, 2 The goals of treatment include the restoration of length, alignment, and rotation of the limb, and the intramedullary (IM) nail is the most commonly used construct for stabilization. Obtaining and maintaining reduction during the procedure can be challenging, and various surgical strategies have been described to facilitate the operation. The purpose of this study is to present a simple, safe, effective, and lowcost technique for IM nailing of the femur using distal femoral skeletal traction on a radiolucent flat-top table without the need for sophisticated equipment or multiple assistants.
Gerhard Kuntscher first reported use of his V-shaped steel "marrow nail" in 1940. He described IM nailing of the femur in the lateral position with the injured limb draped free, a technique many surgeons continue to use. 10 Others employ an orthopedic traction  table (fracture table) , which provides sustained skin or skeletal traction in the supine or lateral position to facilitate surgery. 25, 26 Although the fracture table is beneficial in assisting with reduction, it comes with significant risks, including pudendal nerve injury, erectile dysfunction, perineal skin slough, and compartment syndrome of the well leg. [27] [28] [29] [30] [31] Additionally, lateral positioning or use of the fracture table increases the complexity of positioning and can be suboptimal for patients who are medically complex or have multiple injuries.. 32, 33 To mitigate the shortcomings of lateral positioning  and fracture table use, some  surgeons perform IM nailing  procedures while patients are  supine on a radiolucent flattop table. This technique optimizes patient access for the anesthesiologist and surgeon alike, and is beneficial when multiple injuries are to be addressed under the same anesthetic. No specialized equipment is required. However, restoring length during nailing can be more challenging, often requiring additional assistance. The use of a femoral distractor has been described, but not all surgeons have access to or are familiar with this device. 7, 10, 11, 13, [17] [18] [19] 21, 23, 34 Distal femoral skeletal traction is commonly employed as a temporizing measure in clinical practice for patients with femur fractures. This has been the subject of several studies 35 
Surgical Technique
To temporize femoral length in unstable femur fractures, a sterile 5/64th-inch smooth Kirschner wire is placed through the metadiaphyseal distal femur in the emergency department. An effort is made to place the wire parallel to the knee joint at the level of the superior pole of the patella and anterior in the sagittal plane to allow passage of the IM nail behind the wire during definitive fracture stabilization. The tensioning traction bow is applied to the wire and weights are applied to the bed-based traction apparatus. Anteroposterior and lateral radiographs of the fracture and the knee are obtained to evaluate both fracture reduction and pin placement. If the pin is not sufficiently anterior in the femur, plans are made to change it under fluoroscopic guidance during surgery.
Surgery is performed in the supine position on a radiolucent flat-top table. If the traction pin is felt to be in an appropriate position, it is maintained. Otherwise, it is removed after cleansing with an iodine-based solution, cutting the pin at the level of the skin and pulling the residual wire out with pliers.
Usually, a single blanket roll is used to bump the hip but must be placed medially enough so as not to obstruct access to the piriformis fossa. To ensure piriformis fossa access, the patient's buttock needs to overhang the edge of the table (Figure 1) . A foam ramp can be used to position the operative leg above the nonoperative leg and facilitate lateral imaging (Figure 1) .
The authors use a specialized pulley that accommodates the rope used to apply traction. This device is commercially available (Innomed, Savannah, Georgia) (Figure 2 ) or can be fabricated from equipment available to any surgeon (Figure 3) . It is affixed to the base of the table, contralateral to the side of injury, prior to prepping and draping (Figure 2) .
A standard sterile preparation and drape is performed and the traction device is draped with an impervious stockinette and a towel (Figure 4) . At this point, a new distal femoral traction pin can be placed if the original was felt to be obstructive. Fluoroscopy is used to ensure that it is out of the anticipated path of the nail. A sterile traction bow is then attached and sterile rope is used to apply traction, which can be adjusted by the nursing staff ( Figure 5) . Some facilities sterilize their own rope for this purpose, but it is also commercially available (Innomed).
It can be easier to establish the IM nail starting point with the hip in adduction prior to putting the leg in traction, but placement of the traction device on the contralateral table base will also result in hip adduction and facilitate starting point access. Once a starting point has been established, traction can be applied and weight adjusted to restore (Figures 6-10) .
Once the guidewire has been passed, a lateral view of the knee must be scrutinized to ensure that the guidewire is posterior to the traction pin and that the pin will not obstruct the reamer or IM nail. At this point, the guidewire can be redirected as necessary. In length-stable patterns, an obstructive traction pin can be removed as necessary once the guidewire has passed. Standard reaming is then undertaken. It is rarely necessary to ream to the level of the traction pin, given its metaphyseal location. The nail is inserted while using conventional techniques to confirm length, alignment, and rotation. If the traction pin is found to obstruct the nail, it can now be removed, with care taken to maintain length manually in length-unstable patterns. Alternatively, the nail can be used to bend the pin in situ and it can then be rotated out of the path of the nail. Routine proximal and distal interlocking is then performed.
caSe SerieS
A retrospective review of the prospectively collected trauma database from a tertiary referral trauma center was performed to identify patients with femur fractures treated with intraoperative distal femoral traction as described above between January 1, 2009, and June 30, 2009. A review of the electronic medical record was performed. Exclusion criteria included patients younger than 18 years at the time of injury, intraoperative distal femoral traction was not used, inadequate electronic medical record documentation of fracture pattern, or less than 1-year follow-up. Seventy femur fractures among 66 patients were treated with IM femoral nailing in this time period. Forty-three of these were excluded for follow-up less than 1 year, 2 were excluded for being younger than 18 years at the time of injury, and 2 were excluded for inadequate electronic medical record documentation. The remaining 23 patients, all of whom had temporizing distal femoral traction placed in the emergency department, were included in the study.
All femur fractures treated with IM nails were included, (Table) . There were no complications related to the placement of distal femoral traction either pre-, intra-, or postoperatively. In 12 of the 23 cases, the treating surgeon was able to use the same traction pin that was placed in the emergency department; in the remaining 11 cases, the pin was replaced in the operating room because it was blocking the path of the nail. There were no intraoperative fractures at the pin site and no subsequent pin-site infections or postoperative patientdocumented complaints involving the site of pin placement. The average follow-up was 2.5 years (range, 1.0-5.5 years). Twenty-two of the 23 fractures went on to union.
One patient required exchange nailing at 6 months for a symptomatic hypertrophic nonunion.
DiScuSSion
Use of distal femoral fine wire traction to facilitate IM nailing of femur fractures has distinct advantages with few drawbacks. Supine positioning on a radiolucent flat-top table allows for optimal positioning for patients with polytrauma and facilitates surgical treatment of multiple injuries under a single anesthetic, also allowing the anesthesiologist easy access to the body. The technique negates the need for a fracture table, thereby avoiding the potential complications and increased setup time associated with it. By In this case series, there were no complications related to skeletal traction. Although the reported series is small and lacks a control group, the described technique is an effective and safe adjunct to femoral nailing. Specific concerns related to wire use include patient-reported discomfort, infection, and fracture at the pin site. Although the authors report none of these complications, it is possible that a larger series may document these events.
Limitations
Despite 
